Hemolytic Moraxella bovis was instilled into the conjunctival sac of gnotobiotic calves, and conjunctivae were sampled serially after infection. Bilateral lesions developed in seven of eight infected calves. Histologically, M. bovis was first seen within swollen epithelial cells near the lid margins and occasionally within superficial epithelium in other areas. Conjunctival erosions and ulcers were seen in later stages. Scanning electron microscopy showed M. bovis in pits on surfaces of epithelial cells and in erosions on palpebral conjunctivae; lesions were prominent near lid margins. By transmission electron microscopy, M. bovis was seen within swollen epithelial cells near lid margins; many epithelial cells had undergone cytolysis. This study demonstrates that virulent M. bovis can invade bovine Conjunctival epithelial cells and cause conjunctivitis in the absence of injurious ultraviolet irradiation or other predisposing environmental factors. Piliated, hemolytic strains of the gram-negative bacterium, Moraxella bovis (M. bovis), are the principal etiologic agents of infectious bovine keratoconjunctiv i t i~,~J ' J~ although the suspected role of other factors in the pathogenesis is well documented.' Ultraviolet
irradiati~n,~J~J~Mycoplasrna bovoculi, I8 and infectious bovine rhinotracheitis virusL5 have been used in conjunction with M. bovis to cause lesions. Gnotobiotic calves do not develop lesions as readily as conventional calves after inoculation with M. bovis, leading to the hypothesis that environmental factors are important in the initiation/progression of lesions in conventional calve^.^ Histologic changes in conjunctival biopsies from acute cases of naturally occurring infectious bovine keratoconjunctivitis include swollen conjunctival epithelium, hyperemia, edema, and mononuclear cell infiltrates. l6 Studies combining light, scanning, and transmission electron microscopy, which would clarify the role of M. bovis in the pathogenesis of the conjunctival lesion, have not been reported.
We have reported on the corneal lesions caused by Moraxella bovis in gnotobiotic calves; l 7 conjunctival lesions from these calves are described in this paper. The objectives were to: (1) determine whether a virulent strain of M. bovis could cause conjunctivitis in gnotobiotic calves, (2) to characterize the development of Conjunctival lesions by light, scanning, and transmission electron microscopy, and (3) to study lacrimal tissues for evidence of histologic changes.
Materials and Methods
Nine gnotobiotic calves derived by open caesarean methods were placed in portable isolator unitsIO and fed 3 quarts of Similac (Ross Laboratories, Columbus, OH) daily until killed (Table 1) . Calves were Angus, Pinzgauer, Holstein, Angus and Hereford crossbreeds of both sexes. Rooms housing isolator units were illuminated by fluorescent lights. Blockglass windows covered with white paint admitted outside light and were located approximately 3 feet above the calves.
The hemolytic M. bovis strain Epp-63 (300) was used as the inoculum. Preparation of the inoculum and the determination of dosage have been described previ0us1y.l~ Eight calves were inoculated bilaterally by instillation of 1 ml of M. bovis culture into the ventral conjunctival sac. The eyelids were held closed for 4-5 seconds after inoculation. One calf (normal control) received a bilateral instillation of trypticase soy broth into the ventral conjunctival sac. Re-isolation of M. bovis, contaminant monitoring, and clinical signs present in the calves have been reported previously. 17 Calves were killed by sodium pentobarbital overdosage followed by exsanguination. After removal of eyes, the eyelids, nictitating membranes (and associated glands), bulbar conjunctivae, and lacrimal glands were dissected away and immersed in 2.5% glutaraldehyde and 1.5% paraformaldehyde in 0.1 M cacodylate buffer (pH 7.4). Skin was later dissected from the eyelids.
Samples for light, scanning, and transmission electron microscopy were processed and examined as previously de-sc15bed.l~ Only tissues from the 1-and 2-hour sampling periods and from the control calf were examined by scanning electron microscopy. Tissues included bulbar conjunctivae, nictitating membranes, dorsal and ventral palpebral conjunctivae, conjunctival fornices, and lid margins. Eight samples from each of these tissues were taken at all sampling times and from the control calf for transmission electron microscopy.
Right and left parotid and lateral retropharyngeal lymph nodesI9 were aseptically collected from each calf at necropsy and stored at -70 C. For bacteriologic culture, each node was thawed and minced in 3 ml of trypticase soy broth in a 
Results
Hemolytic M. bovis was isolated in large numbers from the nares of calves from 1 to 72 hours postinoculation. Large numbers of nonhemolytic M. bovis and small numbers of hemolytic M. bovis were isolated from the nares of the calf killed at 13 days post-inoculation. Hemolytic M. bovis was not isolated from the control calf. Small numbers of saprophytic bacteria were isolated from the nares and/or feces of the control calf and calves killed at 16 , 24, and 72 hours and 13 days post-inoculation. Mycoplasma bovoculi and infectious bovine rhinotracheitis virus were not isolated from any of the nine calves. Bacteria were not isolated from parotid or lateral retropharyngeal lymph nodes.
Light microscopy
Bilateral lesions developed in seven of eight infected calves, but were absent in the noninfected control calf. At 1 and 2 hours post-inoculation, bacteria were seen within swollen epithelial cells and associated with cells near the lid margins that had undergone cytolysis ( Fig.  1 ). Bacteria were not seen within epithelium of the bulbar conjunctivae but were occasionally seen within desquamated cells and superficial epithelium of the nictitating membranes, palpebral conjunctivae, and conjunctival fornices.
Neutrophils were present in conjunctival epithelium at 4 and 6 hours post-inoculation. Nictitating membranes, palpebral conjunctivae, and lid margins had erosions. Lamina propriae had mild neutrophilic infiltrates, hyperemia, and patchy areas of edema. Bacteria were seen within epithelium near lid margins and occasionally free and within desquamated cells in other areas.
Nictitating membranes, palpebral conjunctivae, and lid margins had pustules and erosions between 10 and 72 hours post-inoculation. However, lesions varied in severity among the calves and often varied between right and left conjunctivae of the same animal. Lamina propriae had hyperemia, edema, and neutrophilic infiltrates that varied from mild to severe, except in the bulbar conjunctivae, where the infiltrates were always mild. Fibrin deposits were seen in areas of severe neutrophilic infiltrates in the palpebral conjunctivae. The calf killed at 10 hours post-inoculation had ulcers of the right dorsal lid margin and palpebral conjunctiva (Fig. 2) ; bacteria were seen within epithelium and with- in desquamated cells near the lid margin. Ulcers of the right and left dorsal lid margins were seen at 16 and 24 hours post-inoculation respectively. However, bacteria were not seen in any animal after 10 hours postinoculation.
No lesion was found in the calf from which a majority of nonhemolytic M. bovis was isolated (1 3 days post-inoculation). Lacrimal glands, adnexal glands, and glands of the nictitating membranes were normal morphologically in all infected calves.
Scanning electron microscopy
The surfaces of conjunctival fornices and the bulbar surface of the nictitating membrane from the noninfected control calf were rugose, and mucus obscured surface detail in some areas. Surfaces of the bulbar and palpebral conjunctivae were comparatively smooth, which facilitated the classification of surface cells on the basis of electron density. Lighter cells, with surface microplicae (ridges) and microvilli, were numerous in these areas. Dark cells had few surface structures and were rare. Small numbers of desquamated cells were present on palpebral conjunctivae near the lid margins. Bacteria were not seen on any of the samples.
Palpebral conjunctivae sampled at 1 and 2 hours post-inoculation had M. bovis, often in large numbers, adhered to and in pits on the surfaces of both dark (Fig. 3) and lighter cell types. Many lighter cells had lost surface structures in the area of pits (Fig. 4) . Both pits and erosions were prominent near lid margins; many of the erosions contained large numbers of M. bovis (Fig. 5) . Pits were seen in one area of the nictitating membrane at 1 hour post-inoculation; however, this tissue and the conjunctival fornices could not be examined in detail, due to'the rugose surfaces and the presence of mucus. Bacteria were not seen on the bulbar conjunctiva.
Transmission electron microscopy
At 1 and 2 hours post-inoculation, M. bovis was seen in pits in superficial epithelial cell processes and within epithelial cells of the palpebral conjunctivae near lid margins. Epithelial cells with intracellular bacteria were characterized by rarefied cytoplasm, vacuoles, aggregated tonofilaments, and karyolysis. Plasma membranes were often disrupted (Fig. 6 ), and many cells had undergone cytolysis. Intracellular M. bovis often was surrounded by electron-lucent halos of varying size, and replicative bacteria were occasionally seen. M. bovis was occasionally seen within desquamated degenerate epithelial cells of the nictitating membranes, palpebral conjunctivae, and conjunctival fornices; however, it was not seen within epithelial layers in these areas.
Ultrastructural changes correlated with histologic changes between 4 and 72 hours post-inoculation. Bacteria were occasionally seen free and within degenerate epithelial cells of eroded and ulcerated lid margins. They were not seen after 10 hours post-inoculation and were never seen in lamina propriae.
Discussion
This morphologic study demonstrates that a virulent strain of M. bovis is cytotoxic for, and can invade, bovine conjunctival epithelial cells in the absence of injurious ultraviolet irradiation or other known predisposing environmental factors. The toxic factor@) associated with M. bovis are unknown, although virulent strains produce a "pitting factor," a "dermonecrotic toxin," a hemolysin, and enzymes such as lipases and proteases which could damage the conjuncti-In vitro and in vivo studies have shown that virulent strains of M. bovis selectively adhere to and produce pits on the surfaces of dark epithelial cells of the cornea.3,4.9J7 In the present study, adherence was not selective, and pits were seen on the surfaces of both dark and lighter cell types of the palpebral conjunctivae. As with corneal infection,17 surface colonization of some cells was intense, and large numbers of M. bovis often were seen in early lesions. Intense surface colonization by M. bovis may be an important invasive mechan i~m .~~ In addition, lesions were prominent near lid margins, which suggests that M. bovis is not effectively cleared from these areas. Based on our histologic findings, M. bovis can invade areas other than palpebral conjunctivae near lid margins early in infection; however, invasion is infrequent and limited to superficial epithelial layers.
Mononuclear cells were not components of the conjunctival lesions and this differs from results of a previous study.I6 However, cattle in that study were exposed to environmental factors which could have influenced the inflammatory response.
A 0-hemolysin produced by M. bovis could play a va.4.6.7.13 central role in pathogenesis (only hemolytic strains are ~i r u l e n t ) .~J~ The relationship between virulence and hemolytic activity was evident in an infected calf that did not develop conjunctival lesions and from which a majority of nonhemolytic M. bovis was recovered. Reversion of hemolytic strains to nonhemolytic in vivo has been reported previously. 13 In a previous study using different strains of M. bovis and gnotobiotic calves, only one calf developed a leion.^ Differences in pathogenicity of M. bovis strains2J2 may account for our findings and those of others.
The strain ofM. bovis used in this study is a pathogen in gnotobiotic calves. Conjunctival lesions probably can be attributed to one or more invasive factors produced by M. bovis and to the acute inflammatory response. Conjunctival epithelial cells damaged by bacterial factors and neutrophils may provide additional degradating enzymes. Rogers 
